Objective: To investigate changes in lipid, lipoprotein and apolipoprotein pro®les in persons with spinal cord injury (SCI) during the ®rst 2 years post-injury, and to determine whether changes in risk pro®les were associated with sport activity and/or changes in physical capacity parameters. Design: Risk pro®les and physical capacity were investigated in 19 subjects with recent SCI during rehabilitation (t1) and +1 year after discharge from rehabilitation (t2). Main outcome measures: Changes in total plasma cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), apolipoprotein-A1 (ApoA1), apolipoprotein-B (ApoB) concentrations, the ratios TC/HDL-C, LDL-C/HDL-C, ApoA1/ApoB and HDL-C/ApoA1, and physical capacity (maximal isometric strength, sprint power output, maximal power output, aerobic power). Results: Risk pro®le parameters changed towards more favorable values at t2, except for HDL-C (P=0.06), TG and HDL-C/ApoA1. Sport activity and changes of the physical capacity were the most important determinants of changes in lipid and (apo)lipoprotein pro®les, showing more favorable values with larger increases of the physical capacity and in persons who were physically active. Conclusion: Results show that the lipid and (apo)lipoprotein pro®les improve in persons with SCI during the ®rst 2 years post-injury, and that improving the physical capacity or being physically active can improve the lipid and (apo)lipoprotein pro®les.
Introduction
In recent years, a number of studies showed that persons with spinal cord injuries (SCI) are at increased risk of coronary heart diseases (CHD) in comparison with the able bodied population. 1 ± 3 Apart from epidemiological evidence, it was found that the lipid and (apo)lipoprotein pro®les of persons with SCI diered from those common in the able bodied population, showing unfavorable pro®les in persons with SCI. 4 ± 9 Despite normal levels of total cholesterol, depressed values of high-density lipoprotein cholesterol (HDL-C) have been reported in comparison with able bodied subjects. 4 ± 8 In addition, it was found that apolipoprotein-A1 levels were depressed and apolipoprotein-B concentrations were increased in persons with SCI, 9,10 also indicating an increased risk of CHD. The importance of apolipoproteins in assessing the risk of CHD has recently been underlined. 11, 12 Many authors suggested that the low HDL-C concentrations, and concomitant depressed levels of apolipoprotein-A1, in persons with SCI are the consequence of extremely low levels of physical activity, mainly resulting from their wheelchair dependent life. 4, 5, 7, 9 Previous studies indeed showed that physical strain in daily life of persons with SCI was too low to maintain or improve physical ®tness. 13, 14 The eect of physical activity on the lipid and (apo)lipoprotein pro®les in persons with SCI has, until now, only been investigated in a cross-sectional set-up. 4, 5, 9, 10, 15 More favorable risk pro®les were reported in wheelchair athletes 4, 5 and moderately active subjects with tetraplegia, 9 in comparison with their sedentary counterparts. Janssen et al 10 found a positive relationship between hours sport participation per week and more favorable values of risk pro®le parameters. In addition, Bostom et al 15 showed that aerobic power was associated with more favorable lipid and (apo)lipoprotein concentrations in welltrained subjects with paraplegia. The only longitudinal training study in persons with SCI, investigat-ing the eects of training, also showed improvements in risk pro®les after training, but conclusions were limited as a consequence of the small sample sizes and dierences in pre-training values between groups. 16 Few studies investigated the lipoprotein pro®les shortly after injury. 4, 17 In these studies extremely low HDL-C concentrations were found within a few months post-injury. Additionally, Brenes et al 4 found a (cross-sectional) positive relationship between time since injury and HDL-C levels in persons with SCI, with a time since injury ranging from 6 ± 52 weeks. These results suggest that the (unfavorable) risk pro®les in recently injured persons improve during the ®rst months post-injury, probably as a result of an increased activity level. During rehabilitation, the level of physical activity is assumed to be fairly high, and more or less the same in all individuals. After discharge from rehabilitation, however, it depends on several factors whether subjects will become more sedentary, or will continue to participate in sport activities. It is expected that individuals who become physically active after rehabilitation, will show larger improvements in risk pro®les, than persons who adopt a sedentary life-style. In addition, improvements of the physical capacity are also expected to result in more favorable risk pro®les.
The purpose of this study was (1) to investigate changes in the lipid, lipoprotein and apolipoprotein pro®les in persons with SCI during the ®rst 2 years post-injury, and (2) to determine whether changes in the risk pro®les were associated with sport activity and/or changes in physical capacity parameters.
Methods

Subjects and protocol
To investigate changes in the lipid and (apo)lipoprotein pro®les in relation to sport activity and changes in physical capacity, 26 subjects with SCI were investigated during their rehabilitation period (t1), and +1 year after discharge from the rehabilitation center (t2). Written informed consent was obtained from all subjects. Measurements at t1 were performed at dierent stages during the rehabilitation process. Consequently, a variable period of time between t1 and t2 was spent in the rehabilitation center. Mean time since injury at t1 was 173+102 days. Mean time between measurements was 587+139 days. Time between discharge from rehabilitation and t2 was +1 year for all subjects.
At t2, seven subjects dropped out for several reasons (moved too far away [n=4], illnesses or pain [n=2], and to busy with work [n=1]). The statistical analysis was performed with the remaining 19 subjects who completed the study. Of these subjects, nine persons had a tetraplegia (two females) and ten persons had a paraplegia (two females). All subjects were wheelchair dependent and were able to propel a hand rim wheelchair independently. Lesion level ranged from C6 to L3/4. Four subjects with tetraplegia and three subjects with paraplegia had incomplete lesions (modi®ed ASIA impairment scale: B: [n=2], C [n=3] and D [n=2]). The number of subjects speci®ed by lesion level and gender is given in Table 1 .
Initially, all subjects were patients of the Rehabilitation Center Amsterdam (The Netherlands). Subjects with cardiovascular diseases were excluded from the study. Mean age at t1 was 40.7+14.7 years (range: 24 ± 68 years). All subjects were participants of a longitudinal study on physical performance during rehabilitation in persons with SCI. 18 Blood samples were taken in the morning, when most subjects were in fasting state. Some subjects had taken a low fat breakfast only (bread and tea), at least 2 h before blood samples were taken.
A questionnaire was used to assess alcohol consumption (number of glasses per week), smoking behavior (number of cigarettes per day) and history of CHD in parents, brothers and/or sisters. Sport activity, de®ned as hours of physical activity per week during the year preceding t2, was investigated at t2 only, because during the rehabilitation period physical activity was assumed to be comparable in all subjects. Individually initiated activities, like outdoor arm-crank training were also included as sport activity.
Body mass was measured on a hospital scale, and skinfolds were measured at biceps, triceps, subscapular and suprailiacal site, by the same test leader. Body mass index (BMI [kg.m 72 ]) was calculated as body mass divided by the square of self reported height. Subject characteristics at t1 and t2 are shown in Table 2 .
Blood lipids and (apo)lipoproteins
Total cholesterol (TC) and triglyceride (TG) concentrations were measured using enzymatic, colorimetric tests on the Hitachi 747 automated analyzer (Boehringer Mannheim GmbH, Mannheim, Germany). HDL-C was determined after selective precipitation of the very low-density lipoprotein and lowdensity lipoprotein fractions; low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula. Apolipoproteins-A1 (ApoA1) and -B (ApoB) were quantitated with an immunonephelometric method on the Beckman Array 360 system (Beckham Instruments Inc, Brea CA, USA). The ratios TC/HDL-C, LDL-C/HDL-C, ApoA1/ApoB, and HDL-C/ApoA1 were calculated.
Physical capacity
To investigate whether changes of the physical capacity were related to changes in the lipid and (apo)lipoprotein pro®les, results of separate exercise tests, measured on the same occasion and with the same subjects, 18 
Results
Subjects
Smoking behavior and alcohol consumption showed no changes over time. Eleven subjects were non-smoking at t1, and 12 subjects were non-smoking at t2. Eight subjects were inactive (eg physically active for less than 1 h per week), three subjects reported physical activities of at least 1 h per week, but less than 3 h per week, and eight subjects participated in sport activities for at least 3 h per week. Body mass and BMI increased signi®cantly from 73+13 kg and 22+4 kg.m 72 at t1, to 80+15 kg and 24+4 kg.m 72 at t2, respectively. The sum of four skinfolds showed no signi®cant change between t1 and t2 ( Table 2) .
Physical capacity
Results for the physical capacity at t1 and t2 are listed in Table 3 . Physical capacity parameters are both at t2. Consequently, the ratio ApoA1/ApoB was signi®cantly higher at t2 (1.22+0.33) than at t1 (1.07+0.32). The ratio HDL-C/ApoA1 showed no signi®cant dierences between the two measurements.
Determinants of changes in the lipid and (apo)lipoprotein pro®les
Results of the regression analyses are shown in Table  5 . Regression analyses showed that sport activity at t2, changes in physical capacity parameters, and initial values of the risk pro®le parameters (at t1) were the most important determinants of changes in the lipid and (apo)lipoprotein pro®les. Sport activity was the most important determinant of changes in TC, LDL-C and TC/HDL-C, explaining 34, 47 and 29% of the variance, respectively. These ®ndings imply that subjects who were physically active showed larger improvements of the risk pro®les than sedentary or less active subjects. In addition, improvements of the physical capacity were associated with more favorable values of the risk pro®les; changes in Fiso, P30, POmax and VO 2 peak showed a negative relationship with changes in LDL-C/HDL-C, TG, and ApoB, and were positively associated with changes of TC, HDL-C, and ApoA1/ApoB. Initial values of LDL-C, TC/HDL-C, and LDL-C/ HDL-C were signi®cant determinants of changes in these parameters, showing that subjects with initially less favorable risk pro®les showed larger improvements. Changes in the sum of four skinfolds was the most important factor explaining changes of TG; increases in the sum of four skinfolds were associated with larger increases in TG. Subsequent signi®cant determinants of changes in TG were changes in POmax relative to body mass, and changes in VO 2 peak, showing a negative relationship with changes in TG. Finally, gender was also included in the regression equation of TG, with on average larger improvements of TG in men. Age was the only signi®cant determinant of changes in ApoA1, showing on average larger improvements in older subjects. As a consequence, age was the second important determinant of changes in ApoA1/ApoB.
Discussion
Changes in lipid and (apo)lipoprotein pro®les
Results of the present study show that the lipid and (apo)lipoprotein pro®les improve in persons with SCI during the ®rst 2 years post-injury. With the exception of HDL-C, TG, and HDL-C/ApoA1, all parameters showed more favorable values 2 years post-injury. Although HDL-C showed no signi®cant improvement at t2, the P-value (P=0.062) was just above the level of signi®cance, indicating that there was at least a tendency for an increase of HDL-C. Moreover, the ratio TC/HDL-C, being considered as a stronger predictor of CHD than HDL-C, 19 showed a pronounced decrease from 5.7 at t1 to 4.9 at t2. Also ApoA1, the apolipoprotein which is associated with HDL-C, showed a signi®cant increase at t2 (Table 4) found even lower values for HDL-C (0.79 mmol.l 71 ) in subjects less than 6 weeks post-injury. The increase in HDL-C in the present study is in accordance with the positive cross-sectional relationship between HDL-C levels and time since injury as reported by Brenes et al. 4 These ®ndings and the current results suggest that time since injury is an important factor explaining dierences in risk pro®les during the ®rst 1 or 2 years post-injury, and should therefore be taken into account when investigating lipid and (apo)lipoprotein pro®les in persons with SCI.
Despite the improvements found during the ®rst 2 years post-injury, several subjects still demonstrated unfavorable risk pro®les at t2; seven out of 19 subjects showed HDL-C concentrations lower than 0.90 mmol.l 71 , indicating that these subjects have an increased risk of CHD. 20 On the contrary, ApoB levels were lower than previously reported in persons with longstanding SCI. 10 To determine whether the lipid and (apo)lipoprotein pro®les continue to improve, or will decrease after a longer period of time, longitudinal studies in persons with SCI at a longer time scale are required.
Previous cross-sectional results indicate that the largest improvements of the risk pro®les do occur shortly after injury. 4 Improvements of the risk pro®les in the present study might therefore be underestimated by dierences in time since injury between subjects at t1; some subjects were tested shortly after injury, whereas others were tested at the end of the rehabilitation period. Moreover, because only two measurements were performed in the present study, it remains unclear when the largest improvements did occur.
Determinants of changes in lipid and (apo)lipoprotein pro®les
Results of the regression analyses showed that sport activity and/or improvements of physical capacity parameters were signi®cantly associated with favorable changes of the lipid and (apo)lipoprotein pro®les, also when other possible confounding factors were taken into account. Persons with SCI who participated in sports activities and/or revealed larger improvements in physical capacities, showed larger decreases of TC, TC/ HDL-C, LDL-C, LDL-C/HDL-C, TG and ApoB, and (a tendency for) larger increases of HDL-C and ApoA1/ApoB. Results underline the importance of improving the physical capacity during the rehabilitation process. Moreover, the signi®cant associations of sport activity in the year after rehabilitation, with decreases of TC, TC/HDL-C and LDL-C, show that being physically active after rehabilitation results in more favorable risk pro®les at 2 years post-injury. Hence, an increased risk of CHD as a consequence of unfavorable risk pro®les can be reduced by improving the physical capacity and by being active in sport activities.
The results of the present study support previous cross-sectional ®ndings in persons with SCI, showing more favorable lipid and lipoprotein pro®les in active persons, in comparison with sedentary persons. 4, 5, 9 The ®ndings are also in agreement with cross-sectional results of Bostom et al 15 who found signi®cant relationships between risk pro®le parameters and aerobic power. However, Bostom et al 15 investigated a very homogeneous group of (well-trained) persons with paraplegia. In general, the cross-sectional relationship between physical capacity parameters (used as a measure of training status) and lipid and (apo)lipoprotein pro®le parameters are confounded by dierences in active muscle mass, as a result of dierences in lesion level. The large variability in physical capacity for persons with SCI in crosssectional studies, will therefore mainly re¯ect differences in lesion level, rather than dierences in training status. This may also explain the lack of relationship between physical capacity parameters and risk pro®le parameters in the cross-sectional study of Janssen et al. 10 In the present longitudinal study, percentage changes in physical capacity were associated with changes in risk pro®le parameters, resulting in signi®cant relationships.
Previous observations suggested that an increased proportion of adipose tissue in persons with SCI might be in part responsible for the unfavorable lipid and (apo)lipoprotein pro®les. 8, 21 The present study, on the contrary, showed more favorable lipid and (apo)lipoprotein values, despite the signi®cant increase of body mass and BMI between t1 and t2. However, the lack of change in the sum of four skinfolds suggests that the change in body mass was the consequence of an increased muscle mass, instead of an increase in adipose tissue.
The positive relationship between changes in TC and %DFiso, when sport activity was taken into account, was not as expected because an increased muscle force might be the eect of training and is therefore expected to result in a decrease of TC. However, the signi®cant inverse relationship between sport activity and changes in TC showed that being physically active may result in a decrease of TC.
TG was the only parameter showing a tendency for a less favorable concentration at t2. The signi®cant positive relationship between increases in TG and increases in the sum of four skinfolds is in agreement with previous cross-sectional observations in persons with long-standing SCI, 10 and shows the negative eect of an increase of adipose tissue on the CHD risk pro®les.
Initial values of LDL-C, TC/HDL-C and LDL-C/ HDL-C showed signi®cant association with changes in the values of these parameters. This is in agreement with previous studies in able bodied subjects, showing that subjects with initially unhealthy levels are more likely to bene®t from physical training than persons with better initial lipid and (apo)lipoprotein levels. 22 From this point of view, the large improvements found in the present study might in part be due to the unfavorable values shortly after injury.
For most changes in the risk pro®les sport activity and/or changes in physical capacity were the most important determinants. Only for ApoA1, age was the only signi®cant determinant, showing larger increases with a higher age. Initial values of ApoA1 did not show lower values in older subjects and could therefore not explain the larger increases. At this time, no valid explanation is available for the larger increases of ApoA1 in older subjects.
Although considerable dierences exist in the lipid and (apo)lipoprotein pro®les between men and women, 11, 12, 23 changes in risk pro®les were the same when women (n=4) were excluded from the analysis, except for TG, where larger changes were found in men (Table 5) . Generally, higher values of HDL-C and ApoA1, and lower values of ApoB are found in women, compared to men. 11, 12, 23 However, exclusion of female subjects revealed similar changes for HDL-C (0.94 mmol.l 71 at t1, 1.02 mmol.l 71 at t2), ApoA1 (1.13 g.l 71 at t1, 1.22 g.l 71 at t2), and ApoB (1.13 g.l 71 at t1, 1.05 g.l 71 at t2).
Conclusions
It is concluded that the lipid and (apo)lipoprotein pro®les improve in persons with SCI during the ®rst 2 years post-injury. Sport activity and improvements of the physical capacity were associated with more favorable lipid and (apo)lipoprotein pro®les, showing that improving the physical capacity by being active in sport activities can improve the CHD risk pro®les in persons with a recent SCI.
